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(57) ABSTRACT

A humidity control module, in which liquid absorbent
exchanges air and moisture, reduces a temperature change in
the liquid absorbent. A humidity control module includes a
partition member and a heat transfer member. The partition
member separates an air passage from an absorbent passage.
The partition member is wholly or partially formed by a
moisture permeable membrane. The liquid absorbent flowing
through the absorbent passage exchanges the moisture with
the air flowing through the air passage via the moisture per-
meable membrane. The heat transfer member is provided in
the absorbent passage and surrounded by the liquid absor-
bent. A heat medium flowing through the heat transfer mem-
ber exchanges heat with the liquid absorbent flowing through
the absorbent passage.
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1
HUMIDITY CONTROL MODULE AND
HUMIDITY CONTROL APPARATUS

TECHNICAL FIELD

The present invention relates to humidity control modules
for controlling humidity of air using liquid absorbent, and
humidity control apparatuses including the humidity control
modules.

BACKGROUND ART

Conventionally, humidity control apparatuses are known,
which include liquid absorbent such as a lithium chloride
solution, and moisture permeable membranes not allowing
the liquid absorbent to permeate but allowing only water
vapor to permeate.

For example, Patent Document 1 shows a humidity control
apparatus including a circuit in which liquid absorbent circu-
lates, and a refrigerating apparatus performing refrigeration
cycles (see, e.g., paragraphs [0031]-[0033] and FIG. 8 of
Patent Document 1). This humidity control apparatus
includes a dehumidification section and a regeneration sec-
tion. In the dehumidification section, a dehumidification air
passage including a fan 11 is separated from the passage of
the liquid absorbent by a moisture permeable membrane 13.
On the other hand, in the regeneration section, a regeneration
air passage including a fan 101s separated from the passage of
the liquid absorbent by the moisture permeable membrane 13.
Inaddition, in this humidity control apparatus, a condenser 18
of'the refrigerating apparatus is disposed in the passage which
allows the liquid absorbent to flow from the dehumidification
section to the regeneration section. An evaporator 20 of the
refrigerating apparatus is disposed in the passage which
allows the liquid absorbent to flow from the regeneration
section to the dehumidification section.

In the humidity control apparatus of Patent Document 1,
the liquid absorbent circulates between the dehumidification
section and the regeneration section. The liquid absorbent,
which has absorbed the water vapor in the air in the dehu-
midification section, is heated in the condenser 18, and then
flows into the regeneration section. In the regeneration sec-
tion, the liquid absorbent releases the water vapor to the air.
The liquid absorbent flowing from the regeneration section is
cooled in the evaporator 20, and then flows into the dehumidi-
fication section to absorb the moisture from the air again.

Patent Document 2 shows a humidity control element 7 for
dehumidifying air using a moisture permeable sheet 10 and
liquid absorbent (see, e.g., paragraphs [0034], [0035], [0042],
and [0051] and FIGS. 1-5 of Patent Document 2). This
humidity control element 7 includes a moisture permeable
element 5 and a heat source body 6. In the moisture permeable
element 5, a porous member 12 is encapsulated in a bag
including the moisture permeable sheet 10 on one surface,
and a metal sheet 11 on the other surface. The heat source
body 6 includes a pipe 15 through which refrigerant flows,
and a flat plate-like fin member 16 attached to the pipe 15. In
the humidity control element 7, the metal sheet 11 of the
moisture permeable element 5 is attached to the fin member
16 of the heat source body 6.

In the humidity control element 7 according to Patent
Document 2, when the liquid absorbent permeates the porous
member 12, the water vapor, which has permeated through
the moisture permeable sheet 10, is absorbed by the liquid
absorbent. As a result, the air flowing outside the moisture
permeable sheet 10 is dehumidified. At this time, the liquid

10

25

30

40

45

55

2

absorbent held by the porous member 12 is cooled by the
refrigerant flowing through the pipe 15.

Patent Document 3 shows an evaporative cooler utilizing a
moisture permeable membrane. In this evaporative cooler, the
passage of inflow air, the passage of liquid desiccant (liquid
absorbent), the passage of coolant (water), and the passage of
discharged air are stacked one on another. The passage of the
inflow air and the passage of the liquid desiccant are separated
by a moisture permeable membrane 112. The passage of the
coolant and the passage of the discharged air are separated by
a moisture permeable membrane 118. Furthermore, the pas-
sage of the liquid desiccant and the passage of the coolant are
separated by a separation wall 114 which does not allow water
vapor to permeate. The inflow air is dehumidified by the
liquid desiccant. The water, which is coolant, is partially
evaporated and released to the discharged air, thereby reduc-
ing the temperature of the discharged air. The liquid desiccant
and the coolant exchange heat.

Patent Document 4 shows a humidity control apparatus
including adsorbent such as zeolite, and a refrigerating appa-
ratus. In an adsorption unit 4 included in the humidity control
apparatus, a refrigerant pipe 21 is disposed in a mesh con-
tainer 22 filled with adsorbent 23, and refrigerant flowing
through the refrigerant pipe 21 heats or cools the adsorbent 23
(see, paragraphs [0029] and [0030] and FIG. 3 of the cited
document 4).

CITATION LIST
Patent Document

PATENT DOCUMENT 1: Japanese Unexamined Patent
Publication No. H05-146627

PATENT DOCUMENT 2: Japanese Unexamined Patent
Publication No. 2003-232546

PATENT DOCUMENT 3: Japanese Translation of PCT
International Application No. 2011-511244

PATENT DOCUMENT 4: Japanese Unexamined Patent
Publication No. HO8-189667

SUMMARY OF THE INVENTION
Technical Problem

As described above, in the humidity control apparatus
shown in Patent Document 1, the liquid absorbent heated or
cooled by the refrigerant in advance exchanges the moisture
with the air via the moisture permeable membrane. On the
other hand, in the process of absorbing the water vapor with
the liquid absorbent, absorption heat is generated. In the
process of regenerating the liquid absorbent, the water being
liquid deprives the heat from the liquid absorbent to be gas-
ified. Thus, in the humidity control apparatus of Patent Docu-
ment 1, the temperature of the liquid absorbent gradually
increases in the process of absorbing the water vapor, thereby
allowing the liquid absorbent to absorb less water vapor. In
this humidity control apparatus, the temperature of the liquid
absorbent gradually decreases in the process of releasing the
water vapor from the liquid absorbent, thereby allowing the
liquid absorbent to release less water vapor. Therefore, in the
conventional humidity control apparatus, in which the liquid
absorbent, which has been heated or cooled in advance,
exchanges the moisture with the air via the moisture perme-
able membrane, the sizes of the dehumidification section and
the regeneration section including the moisture permeable
membrane increase in order to obtain sufficient humidity
control capability.
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On the other hand, in the humidity control element of
Patent Document 2 and the evaporative cooler of Patent
Document 3, the liquid absorbent, which is to absorb the
moisture in the air, is cooled by the refrigerant and the water.
However, in the humidity control element of Patent Docu-
ment 2, numbers of members such as the fin members and the
metal sheet are interposed between the liquid absorbent and
the refrigerant, thereby increasing the thermal resistance
between the liquid absorbent and the refrigerant. In the evapo-
rative cooler of Patent Document 3, only the one surface of the
passage of the water, which is coolant, is in contact with the
passage of the liquid absorbent, and no sufficient area is
obtained for a heat transfer surface on which the water and the
liquid absorbent exchange heat.

As such, in the conventional humidity control apparatuses
using the liquid absorbent, a temperature change in the liquid
absorbent in the process of exchanging the moisture with the
air cannot be sufficiently reduced. As a result, the members
for allowing the liquid absorbent to exchange the moisture
with the air via the moisture permeable membrane cannot be
miniaturized.

The present invention addresses the problems. It is an
objective of the present invention to provide a humidity con-
trol module allowing liquid absorbent to exchange air and
moisture via a moisture permeable membrane, and to minia-
turize the humidity control module by reducing a temperature
change in the liquid absorbent.

Solution to the Problem

A first aspect of the invention provides a humidity control
module for humidifying or dehumidifying air using liquid
absorbent. The module includes a partition member (45)
wholly or partially formed by a moisture permeable mem-
brane (62) not allowing the liquid absorbent to permeate but
allowing water vapor to permeate, the partition member (45)
separating an air passage (42) through which the air flows,
from an absorbent passage (41) through which the liquid
absorbent flows; and a heat transfer member (46) forming a
heat medium passage (43) through which a heat medium for
heating or cooling flows, and disposed in the absorbent pas-
sage (41) to allow the liquid absorbent flowing around the
heat transfer member (46) to exchange heat with the heat
medium.

In the humidity control module (40) according to the first
aspect of the invention, the air passage (42) and the absorbent
passage (41) are separated by the partition member (45). The
partition member (45) is wholly or partially formed by the
moisture permeable membrane (62). In this humidity control
module (40), the heat transfer member (46) forming the heat
medium passage (43) is disposed in the absorbent passage
(41). The heat transfer member (46) allows the heat medium
in the heat medium passage (43) to exchange the heat with the
liquid absorbent in the absorbent passage (41). This heat
transfer member (46) is surrounded by the liquid absorbent
flowing through the absorbent passage (41). Thus, almost all
the heat or cold of the heat medium flowing through the heat
medium passage (43) is applied to the liquid absorbent.

First, in the humidity control module (40) according to the
first aspect of the invention, the process of dehumidifying the
air in the air passage (42) will be described. The water vapor
contained in the air in the air passage (42) partially permeates
the moisture permeable membrane (62) to be absorbed by the
liquid absorbent. In the process of absorbing the water vapor
with the liquid absorbent, absorption heat is generated. At this
time, when the heat medium for cooling flows through the
heat medium passage (43), the liquid absorbent flowing
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4

through the absorbent passage (41) is cooled by the heat
medium in the heat medium passage (43). As described
above, the heat transfer member (46) is surrounded by the
liquid absorbent flowing through the absorbent passage (41).
Thus, almost all the heat absorbed by the heat medium while
passing through the heat medium passage (43) is the heat
released from the liquid absorbent. This reduces an increase
in the temperature of the liquid absorbent flowing through the
absorbent passage (41), even if the absorption heat is gener-
ated in the process of absorbing the water vapor with the
liquid absorbent.

Next, in the humidity control module (40) according to the
first aspect of the invention, the process of humidifying the air
in the air passage (42) will be described. When the heat
medium for heating flows through the heat medium passage
(43), the liquid absorbent flowing through the absorbent pas-
sage (41) is heated by the heat medium in the heat medium
passage (43). Part of the water contained in the heated liquid
absorbent deprives heat from surroundings to be gasified and,
as water vapor, permeate the moisture permeable membrane
(62). The water vapor, which has permeated through the
moisture permeable membrane (62), is applied to the air
flowing through the air passage (42). As described above, the
heat transter member (46) is surrounded by the liquid absor-
bent flowing through the absorbent passage (41). Thus,
almost all the heat released by the heat medium while passing
through the heat medium passage (43) is applied to the liquid
absorbent. This reduces a decrease in the temperature of the
liquid absorbent flowing through the absorbent passage (41),
even if water contained in the liquid absorbent deprives heat
from the surroundings while being gasified.

According to a second aspect of the invention, in the first
aspect of the invention, in the partition member (45), the
moisture permeable membrane (62) includes a plurality of
plane-like moisture permeable membranes (62) arranged at
predetermined intervals to face one another. The air passage
(42) and the absorbent passage (41) include a plurality of air
passages (42), and a plurality of absorbent passages (41),
respectively. The air passages (42) and the absorbent passages
(41) are alternately formed along alignment of the moisture
permeable membranes (62).

Inthe second aspect of the invention, the plurality of plane-
like moisture permeable membranes (62) are provided in the
partition member (45). The plurality of moisture permeable
membranes (62) are arranged at the predetermined intervals.
One of the air passages (42) or the absorbent passages (41) is
formed between an adjacent pair of the moisture permeable
membranes (62). That is, in the humidity control module (40)
according to the present invention, the air passage (42) and
the absorbent passage (41) are adjacent to one another with
one of the plane-like moisture permeable membranes (62)
interposed therebetween.

According to a third aspect of the invention, in the second
aspect of the invention, the heat transfer member (46)
includes a heat transfer tube (70) disposed between a pair of
the moisture permeable membranes (62), which are adjacent
with one of the absorbent passages (41) interposed therebe-
tween, the heat medium flowing through the heat transfer tube
(70).

The heat transfer member (46) according to the third aspect
of'the invention includes the heat transfer tube (70). The heat
transfer tube (70) forms the heat medium passage (43)
through which the heat medium flows. The heat transfer tube
(70) is located between the adjacent pair of the moisture
permeable membranes (62). The liquid absorbent flowing
through the absorbent passage (41) exchanges the moisture
with the air in the air passage (42) via one of the moisture
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permeable membranes (62), which is adjacent to the absor-
bent passage (41). At this time, the liquid absorbent flowing
through the absorbent passage (41) is heated or cooled by the
heat medium flowing through the heat transfer tube (70).

According to a fourth aspect of the invention, in the third
aspect of the invention, the heat transfer member (46)
includes the heat transfer tube (70) including a plurality of
heat transfer tubes (70), a first header (71) connected to one
end of each of the heat transfer tubes (70), and a second
header (72) connected to another end of each of the heat
transfer tubes (70).

The heat transfer member (46) according to the fourth
aspect of the invention includes the plurality of heat transfer
tubes (70). Each of the heat transfer tubes (70) is disposed in
the absorbent passage (41) interposed between the moisture
permeable membranes (62) at both sides. The one end of each
heat transfer tube (70) is connected to the first header (71).
The other end is connected to the second header (72). For
example, when the heat medium flows from the first header
(71) to the second header (72), the heat medium flowing into
the first header (71) is divided into the plurality of heat trans-
fer tubes (70), and then comes together at the second header
(72).

According to a fifth aspect of the invention, in the fourth
aspect of the invention, the heat transfer member (46)
includes a plurality of heat transfer members (46). In each of
the heat transfer members (46), the plurality of heat transfer
tubes (70) are aligned in parallel to one another. The plurality
of'heat transfer members (46) face one another. In an adjacent
pair of the heat transfer members (46), the heat transfer tubes
(70) of one of the heat transfer members (46) and the heat
transfer tubes (70) of the other one of the heat transfer mem-
bers (46) are disposed in different ones of the absorbent
passages (41).

In the fifth aspect of the invention, each pair of the plurality
of the heat transfer members (46) faces one another. The heat
transfer tube (70) provided in the one of the adjacent pair of
the heat transfer members (46) is disposed in an absorbent
passage (41) different from that of the heat transfer tube (70)
provided in the other one of the adjacent pair of the heat
transfer members (46). Thus, in the humidity control module
(40) according to the present invention, some of the heat
transfer tubes (70) of the heat transfer members (46) can be
disposed some of the absorbent passages (41), and the heat
transfer tubes (70) of the other heat transfer members (46) are
disposed in the rest of the absorbent passages (41).

According to a sixth aspect of the invention, in the third or
fourth aspect of the invention, each of the heat transfer tubes
(70) is a flat tube having an internal space divided into a
plurality of channels.

In the sixth aspect of the invention, each of the heat transfer
tubes (70) is the flat tube. In the heat transfer members (46)
according to the present invention, the passages of flat tubes
being the heat transfer tubes (70) form the heat medium
passages (43).

According to a seventh aspect of the invention, in the first
aspect of the invention, the heat transfer member (46)
includes a heat transfer tube (70) through which the heat
medium flows. The partition member (45) surrounds the heat
transfer tube (70). An inside of the partition member (45)
serves as the absorbent passage (41), and an outside of the
partition member (45) serves as the air passage (42).

In the seventh aspect of the invention, the heat transfer
member (46) includes the heat transfer tube (70). In the
present invention, the inside of the partition member (45)
serves as the absorbent passage (41) through which the liquid
absorbent flows. The heat transtfer tube (70) is surrounded by
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6
the partition member (45). Thus, the heat transfer tube (70) is
positioned in the absorbent passage (41) inside the partition
member (45). The outside of the partition member (45) serves
as the air passage (42) through which the air flows. The
number of the heat transfer tube(s) (70) surrounded by a
single partition member (45) may be one or more.

According to an eighth aspect of the invention, in the
seventh aspect of the invention, the heat transfer tube (70) is
in a winding form. The partition member (45) is in a form
winding along the heat transfer tube (70).

In the eighth aspect of the invention, the heat transfer tube
(70) of the heat transfer member (46), and the partition mem-
ber (45) surrounding the heat transfer tube (70) are both in the
winding forms.

According to a ninth aspect of the invention, in the seventh
aspect of the invention, the partition member (45) is formed
like a pipe extending along the heat transfer tube (70).

In the ninth aspect of the invention, the heat transfer tube
(70) of the heat transfer member (46) and the partition mem-
ber (45) surrounding the heat transfer tube (70) form a double
pipe.

A tenth aspect of the invention provides a humidity control
apparatus, which includes the humidity control module (40)
according to any one of the first to ninth aspects, an absorbent
circuit (30) connected to the absorbent passage (41) of the
humidity control module (40) to supply the liquid absorbent
to the absorbent passage (41); a heat medium circuit (35)
connected to the heat medium passage (43) of the humidity
control module (40) to supply the heat medium for heating or
cooling to the heat medium passage (43); and fans (27, 28) for
supplying the air to the air passage (42) of the humidity
control module (40). The humidity control apparatus humidi-
fies or dehumidifies the air flowing through the air passage
(42) of the humidity control module (40).

In the humidity control apparatus (10) of the tenth aspect of
the invention includes the humidity control module (40) of
any one of the first to ninth aspects. The absorbent circuit (30)
is connected to the absorbent passage (41) of the humidity
control module (40) to supply the liquid absorbent to the
absorbent passage (41). The heat medium circuit (35) is con-
nected to the heat medium passage (43) of the humidity
control module (40) to supply the heat medium to the heat
medium passage (43).

In the humidity control apparatus (10) according to the
tenth aspect of the invention, when the heat medium circuit
(35) supplies the heat medium for heating to the heat medium
passage (43) of the humidity control module (40), the air
flowing through the air passage (42) of the humidity control
module (40) is humidified. That is, in the humidity control
module (40), the liquid absorbent flowing through the absor-
bent passage (41) is heated by the heat medium, and the water
vapor released from the liquid absorbent is applied to the air
in the air passage (42). On the other hand, when the heat
medium circuit (35) supplies the heat medium for cooling to
the heat medium passage (43) of the humidity control module
(40), the air flowing through the air passage (42) of the humid-
ity control module (40) is dehumidified. That is, in the humid-
ity control module (40), the water vapor in the air is absorbed
by the liquid absorbent, and the absorption heat generated at
this time is absorbed by the heat medium for cooling of the
heat medium passage (43).

Advantages of the Invention
In the humidity control module (40) according to the

present invention, the heat transfer member (46) is disposed
in the absorbent passage (41). This heat transfer member (46)
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forms the heat medium passage (43). The heat transfer mem-
ber (46) is disposed in the absorbent passage (41) and sur-
rounded by the liquid absorbent. Thus, almost all the heat
released from the heat medium for heating flowing through
the heat medium passage (43) is applied to the liquid absor-
bent in the absorbent passage (41). Almost all the heat
absorbed by the heat medium for cooling flowing through the
heat medium passage (43) is the heat absorbed from the liquid
absorbent in the absorbent passage (41). Thus, the present
invention reduces a temperature change in the liquid absor-
bent when the liquid absorbent exchanges the moisture with
the air. This results in miniaturization of the humidity control
module (40). Furthermore, the present invention utilizes the
heat of the heat medium for heating without waste to heat the
liquid absorbent, and utilizes the cold of the heat medium for
cooling without waste to cool the liquid absorbent. This
reduces energy required to allow the liquid absorbent to
absorb and release the moisture in the humidity control mod-
ule (40).

In particular, in the third aspect of the invention, the heat
transfer tube (70) of the heat transfer member (46) is disposed
between the pair of the moisture permeable membranes (62),
which are adjacent to one another with one of the absorbent
passages (41) interposed therebetween. Thus, in this inven-
tion, the heat transfer tube (70) is disposed near the moisture
permeable membranes (62), where the liquid absorbent
exchanges the moisture with the air. The liquid absorbent
exchanging the moisture with the air reliably exchanges heat
with the heat medium flowing through the heat transfer tube
(70).

In the seventh aspect of the invention, the heat transfer tube
(70) is surrounded by the partition member (45), and the
inside of the partition member (45) serves as the absorbent
passage (41), which allows the liquid absorbent to flow. That
is, the absorbent passage (41) is formed between the heat
transfer tube (70) of the heat transfer member (46) and the
partition member (45) surrounding the heat transfer tube (70).
Furthermore, in the present invention, the partition member
(45) is wholly or partially formed by the moisture permeable
membrane (62). Thus, in this invention, the heat transfer tube
(70) is disposed near the moisture permeable membranes
(62), where the liquid absorbent exchanges the moisture with
the air. The liquid absorbent exchanging the moisture with the
air reliably exchanges heat with the heat medium flowing
through the heat transfer tubes (70).

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1is atop view illustrating the schematic configuration
of'a humidity control apparatus according to a first embodi-
ment.

FIG. 2 is a circuit diagram illustrating the configurations of
an absorbent circuit and a refrigerant circuit provided in the
humidity control apparatus according to the first embodi-
ment.

FIG. 3 is a schematic perspective view illustrating a humid-
ity control module according to the first embodiment, which
is partially not shown.

FIG. 4 is a schematic cross-sectional view taken along the
horizontal cross-section of the humidity control module
according to the first embodiment.

FIG. 5 is a schematic perspective view of the humidity
control module according to the first embodiment, which is
partially not shown.

FIG. 6 is an exploded schematic perspective view of the
humidity control module according to the first embodiment,
which is partially not shown.

10

15

20

25

30

35

40

45

50

55

60

65

8

FIG. 7 illustrate an inner member provided in the humidity
control module according to the first embodiment. FIG. 7(A)
is a schematic perspective view.

FIG. 7(B) is a schematic cross-sectional view taken along
the horizontal cross-section.

FIG. 8 is a schematic cross-sectional view taken along the
horizontal cross-section of a humidity control module
according to a variation of the first embodiment.

FIG. 9 is a schematic perspective view of a humidity con-
trol module according to a second embodiment.

FIG. 10 illustrate the humidity control module according to
the second embodiment. FIG. 10(A) is a schematic front view.
FIG. 10(B) is a schematic cross-sectional view taken along
the line X-X.

FIG. 11 illustrate a semi-finished product formed in a
manufacturing process of the humidity control module
according to the second embodiment. FIG. 11(A) is an
exploded schematic perspective view. FIG. 11(B) is a sche-
matic top view.

FIG. 12 is a schematic perspective view illustrating a semi-
finished product formed in a manufacturing process of a
humidity control module according to a variation of the sec-
ond embodiment.

FIG. 13 is a schematic perspective view of a humidity
control module according to a third embodiment.

FIG. 14 is a schematic cross-sectional view taken along the
vertical cross-section of the humidity control module accord-
ing to the third embodiment.

FIG. 15 is a schematic cross-sectional view taken along the
line Y-Y of FIG. 14.

FIG. 16 illustrate the configuration of a double pipe accord-
ing to a first variation of the third embodiment. FIG. 16(A) is
a schematic perspective view of the double pipe. FIG. 16(B)
is a schematic perspective view of a heat transfer tube.

FIG. 17 is a cross-sectional view illustrating a manufactur-
ing process of the double pipe according to the first variation
of the third embodiment.

FIG. 18 is a cross-sectional view illustrating a manufactur-
ing process of adouble pipe according to a second variation of
the third embodiment.

FIG. 19 is a cross-sectional view illustrating the configu-
ration of a double pipe according to a third variation of the
third embodiment.

FIG. 20 illustrate the configuration of a double pipe accord-
ing to a fourth variation of the third embodiment. FIG. 20(A)
is a schematic perspective view of the double pipe. FIG. 20(B)
is a schematic perspective view of a heat transfer tube.

FIG. 21 illustrate a humidity control module according to a
fourth embodiment. FIG. 21(A) is a schematic perspective
view of the humidity control module. FIG. 21(B) is a sche-
matic perspective view of a film unit.

FIG. 22 illustrate a humidity control module according to a
variation of the fourth embodiment. FIG. 22(A) is a schematic
perspective view of the humidity control module. FIG. 22(B)
is a schematic perspective view of a film unit.

FIG. 23 illustrates the schematic configuration of a humid-
ity control apparatus according to another embodiment.

DESCRIPTION OF EMBODIMENTS

The embodiments of the present invention will be
described hereinafter in detail with reference to the drawings.

First Embodiment of Invention

A first embodiment of the present invention will be
described. This embodiment uses a humidity control appara-
tus (10) humidifying and dehumidifying air.
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Configuration of Humidity Control Apparatus

The humidity control apparatus (10) according to this
embodiment will be described with reference to FIGS. 1 and
2.

The humidity control apparatus (10) according to this
embodiment includes a casing (20). This casing (20) contains
an absorbent circuit (30), a refrigerant circuit (35), a supply
fan (27), and a discharge fan (28).

As shown in FIG. 1, the casing (20) is formed like a rect-
angular parallelepiped box. In the casing (20), an outdoor air
suction port (21) and a discharge port (24) are formed on one
end surface, and an indoor air suction port (23) and a supply
port (22) are formed on the other end surface. The internal
space of the casing (20) is divided into a supply passage (25),
and a discharge passage (26). The supply passage (25) com-
municates with the outdoor air suction port (21) and the
supply port (22). The supply fan (27) and a supply-side mod-
ule (40a), which is a first humidity control module, are dis-
posed in the supply passage (25). On the other hand, the
discharge passage (26) communicates with the indoor air
suction port (23) and the discharge port (24). The discharge
fan (28) and a discharge-side module (405), which is a second
humidity control module, are arranged in the discharge pas-
sage (26).

As shown in FIG. 2, the absorbent circuit (30) is a closed
circuit connecting the supply-side module (40a), the dis-
charge-side module (4056) and a pump (31) together. In this
absorbent circuit (30), the discharge side of the pump (31) is
connected to the inlet of an absorbent passage (415) of the
discharge-side module (405), the outlet of the absorbent pas-
sage (41b) of the discharge-side module (405) is connected to
the inlet of an absorbent passage (41a) of the supply-side
module (404a), and the outlet of the absorbent passage (41a) of
the supply-side module (40qa) is connected to the suction side
of the pump (31). The absorbent circuit (30) is filled with a
lithium chloride solution as liquid absorbent.

The refrigerant circuit (35) is a closed circuit connecting a
compressor (36), a four-way valve (37), an expansion valve
(38), the supply-side module (40a), and the discharge-side
module (405) together. In this refrigerant circuit (35), the
discharge side of the compressor (36) is connected to a first
port of the four-way valve (37), and the suction side of the
compressor (36) is connected to a second port of the four-way
valve (37). In this refrigerant circuit (35), a heat transfer
member (465) of the discharge-side module (405), the expan-
sion valve (38), and a heat transfer member (46a) of the
supply-side module (40q) are arranged in this order from a
third port to a fourth port of the four-way valve (37). The
refrigerant circuit (35) performs vapor compression refrig-
eration cycles by circulating the filling refrigerant. The refrig-
erant circuit (35) supplies the refrigerant as a heat medium to
the supply-side module (40a) and the discharge-side module
(405).

The four-way valve (37) is switchable between a first posi-
tion (i.e., the position indicated by the solid line in FIG. 2),
and a second position (i.e., the position indicated by the
broken line in the figure). When the four-way valve (37) is in
the first position, the first port communicates with the third
port, and the second port communicates with the fourth port.
On the other hand, when the four-way valve (37) is in the
second position, the first port communicates with the fourth
port, and the second port communicates with the third port.
Configuration of Humidity Control Module

Each of the supply-side module (40a) and the discharge-
side module (406) is a humidity control module (40). The
humidity control module (40) will be described below with
reference to FIGS. 3-7 as appropriate.
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The humidity control module (40) is for controlling the
humidity of air using liquid absorbent. This humidity control
module (40) includes a single outer case (50), a plurality of
inner members (60), and two heat transfer members (46). The
inner members (60) and the heat transfer members (46) are
contained in the outer case (50). The outer case (50) and the
inner members (60) form a partition member (45) separating
air passages (42) through which the air flows, from absorbent
passages (41) through which the liquid absorbent flows.

As shown in FIG. 3, the outer case (50) is formed like a
hollow rectangular parallelepiped, and includes a bottom
plate (51), a top plate (52), a pair of side plates (53, 54), and
a pair of end plates (55). FIG. 3 does not show the top plate
(52) and the front end plate (55). A plurality of vent holes (56)
are formed in the side plates (53, 54) to penetrate the side
plates (53, 54) along the thicknesses. The vent holes (56) are
in vertically long rectangle forms. As shown in FIG. 4 as well,
the plurality of vent holes (56) are aligned at regular intervals
along the lengths of the side plates (53, 54).

As shown in FIGS. 5 and 7, each inner member (60) is
formed like a hollow rectangular parallelepiped with open
ends. This inner member (60) includes a support frame (61)
and moisture permeable membranes (62). The upper and
lower surfaces of the support frame (61) are formed like
plates. That is, the upper and lower surfaces of the support
frame (61) are closed. The moisture permeable membranes
(62) are provided to cover the side surfaces of the support
frame (61). Thus, the moisture permeable membranes (62)
provided on each inner member (60) are formed like planes.
The moisture permeable membranes (62) are films, which do
not allow liquid absorbent to permeate but allows water vapor
to permeate. The moisture permeable membranes (62) may
be, for example, hydrophobic porous membranes made of
fluorine resin such as polytetrafluoroethylene (PTFE) and
tetrafluoroethylene resin.

The outer case (50) contains the same number of the inner
members (60) as the pairs of the vent holes (56) formed in the
side plates (53, 54). The inner members (60) are aligned
inside the outer case (50) along the length of the outer case
(50), with the moisture permeable membranes (62) facing one
another, which cover the respective side surfaces.

As shown in FIG. 4, openings (63) of the end surfaces of the
inner members (60) have the same forms and sizes as the vent
holes (56) of the side plates (53, 54) of the outer case (50). The
inner members (60) are fixed to the outer case (50) such that
the openings (63) overlap the vent holes (56) of the side plates
(53,54). That s, in FIG. 4, the left end surfaces of the support
frames (61) of the inner members (60) are attached to the
peripheral edges of the vent holes (56) on the inner surface of
the side plate (53) disposed on the left. In the same figure, the
right end surfaces of the support frames (61) of the inner
members (60) are attached to the peripheral edges of the vent
holes (56) on the inner surface of the side plate (54) disposed
on the right.

As shown in FIG. 4, the inner spaces of the inner members
(60) communicate with the outside via the vent holes (56) of
the outer case (50) serve as air passages (42) through which
the air flows. The air passages (42) allow the air flowing
through the supply passage (25) or the discharge passage (26)
of the humidity control apparatus (10) to pass. The spaces
outside the inner members (60) and inside the outer case (50)
serve as absorbent passages (41) through which the liquid
absorbent flows. The absorbent passages (41) allow the liquid
absorbent circulating in the absorbent circuit (30) to pass.
Thus, the front surfaces of the moisture permeable mem-
branes (62) are in contact with the air flowing through the air
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passages (42), and the back surfaces are in contact with the
liquid absorbent flowing through the absorbent circuit (30).

As described above, the plurality of inner members (60)
contained in the outer case (50) are aligned with the moisture
permeable membranes (62) facing one another, which cover
the side surfaces. Thus, in the partition member (45) accord-
ing to this embodiment, which is formed by the outer case
(50) and the inner members (60), the plane moisture perme-
able membranes (62) are aligned at regular intervals to face
one another, and the air passages (42) and the absorbent
passages (41) are alternately formed along the alignment of
the moisture permeable membranes (62) (i.e., along the
length of the outer case (50) in this embodiment). The por-
tions of the absorbent passages (41), each of which is inter-
posed between a pair of the moisture permeable membranes
(62) at the both sides, communicate with one another via the
upper and lower sides of the inner members (60).

As shown in FIG. 6, each heat transfer member (46)
includes a plurality of heat transfer tubes (70), a single first
header (71), and a single second header (72).

The heat transfer tubes (70) are aluminum flat tubes (see
FIG. 4). Specifically, the heat transfer tubes (70) have flat
ellipse cross-sections. The internal space of each heat transfer
tube (70) is divided into a plurality of channels. The passages
formed in each heat transfer tube (70) are heat medium pas-
sages (43) through which the refrigerant of the refrigerant
circuit (35) flows. In each heat transfer member (46), the
plurality of heat transfer tubes (70) are aligned at regular
intervals with the flat surfaces facing one another. The axes of
the heat transfer tubes (70) extend vertically.

The first headers (71) and the second headers (72) are
formed like circular pipes with closed ends. The first headers
(71) are attached to the upper ends of the aligned heat transfer
tubes (70). The second headers (72) are attached to the lower
ends of the aligned heat transfer tubes (70). The internal
spaces of the first headers (71) and the second headers (72)
communicate with the passages formed inside the heat trans-
fer tubes (70) to form the heat medium passages (43) together
with the passages inside the heat transfer tubes (70).

In the outer case (50), one of the two heat transfer members
(46) is disposed close to the first side plate (53) and the other
is disposed close to the second side plate (54). One of the heat
transfer tubes (70) of each heat transfer member (46) is dis-
posed between each adjacent pair of the inner members (60).
Thus, in the humidity control module (40) according to this
embodiment, one of the heat transfer tubes (70) of one of the
heat transfer members (46) and one of the heat transfer tubes
(70) of the other heat transfer members (46) are disposed
between each adjacent pair of the inner members (60). As
described above, the spaces between adjacent pairs of the
inner members (60) serve as absorbent passages (41). Thus,
the heat transfer tubes (70) of the heat transfer members (46)
are disposed in the absorbent passages (41), and the surfaces
of the heat transfer tubes (70) are in contact with the liquid
absorbent flowing through the absorbent passages (41). That
is, the heat transfer tubes (70) of the heat transfer members
(46) are surrounded by the liquid absorbent flowing through
the absorbent passages (41).

The heat transfer members (46) of the humidity control
module (40) are connected to the refrigerant circuit (35). In
the supply-side module (40a), which is the humidity control
module (40), the first headers (71) of the heat transfer mem-
bers (46) are connected to the fourth port of the four-way
valve (37), and the second headers (72) of the heat transfer
members (46) are connected to the expansion valve (38). On
the other hand, in the discharge-side module (405), which is
the humidity control module (40), the first headers (71) of the
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heat transfer members (46) are connected to the third port of
the four-way valve (37), and the second headers (72) of the
heat transfer members (46) are connected to the expansion
valve (38).

Driving Operation of Humidity Control Apparatus

The driving operation of the humidity control apparatus
(10) will be described. The humidity control apparatus (10)
selectively executes dehumidifying operation dehumidifying
the air supplied indoors, and humidifying operation humidi-
fying the air supplied indoors.

Dehumidifying Operation

The dehumidifying operation of the humidity control appa-
ratus (10) will be described with reference to FIG. 2.

In the dehumidifying operation, the four-way valve (37) of
the refrigerant circuit (35) is set to the first position (i.e., the
position indicated by the solid line in FIG. 2). In the dehu-
midifying operation, the compressor (36) operates, and the
opening degree of the expansion valve (38) is controlled as
appropriate. In the refrigerant circuit (35) during the dehu-
midifying operation, the refrigerant circulates to perform
vapor compression refrigeration cycles. In the refrigerant
circuit (35) during the dehumidifying operation, the heat
transfer member (465) of the discharge-side module (4056)
serves as a condenser, and the heat transfer member (46a) of
the supply-side module (40a) serves as an evaporator.

The flow of the refrigerant in the refrigerant circuit (35)
will be described in detail. High-temperature high-pressure
gas refrigerant, which has been discharged from the compres-
sor (36), passes through the four-way valve (37) to be sup-
plied as a heat medium for heating to the discharge-side
module (405). The refrigerant, which has flowed into the heat
transfer member (465) of the discharge-side module (405),
releases heat to the liquid absorbent passing through the
absorbent passage (415) to condense and then flow out of the
discharge-side module (405). The pressure of the refrigerant,
which has flowed out of the discharge-side module (405), is
reduced when the refrigerant passes through the expansion
valve (38), and then the refrigerant becomes low-pressure
gas-liquid two-phase refrigerant to be supplied as a heat
medium for cooling to the supply-side module (40a). The
refrigerant, which has flowed into the heat transfer member
(46a) of the supply-side module (40a), absorbs heat from the
liquid absorbent flowing through the absorbent passage (41a)
to be evaporated and then flow out of the supply-side module
(40a). The refrigerant, which has flowed out of the supply-
side module (40a), passes through the four-way valve (37) to
be sucked by the compressor (36). The compressor (36) com-
presses and then discharges the sucked refrigerant.

In the dehumidifying operation, the pump (31) of the
absorbent circuit (30) operates to allow the liquid absorbent to
circulate in the absorbent circuit (30).

The liquid absorbent discharged from the pump (31) flows
into the absorbent passages (415) of the discharge-side mod-
ule (405). This liquid absorbent, which has flowed into the
absorbent passages (415), is heated by the refrigerant flowing
through the heat transfer member (465). On the other hand,
the discharge air (i.e., the indoor air to be discharged out-
doors) flows through the air passages (42) of the discharge-
side module (405). In the discharge-side module (405), part of
the water contained in the liquid absorbent becomes water
vapor to permeate the moisture permeable membranes (62),
and is then applied to the discharge air flowing through the air
passages (42). The water vapor applied to the discharge air is
discharged outdoors together with the discharge air. As such,
in the discharge-side module (4056), the part of the water
contained in the liquid absorbent in the absorbent passages
(41b) permeates the moisture permeable membranes (62) to
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be applied to the discharge air. Thus, in the discharge-side
module (405), the concentration of the liquid absorbent
gradually increases while the liquid absorbent passes through
the absorbent passages (415).

The high concentration liquid absorbent, which has flowed
out of the discharge-side module (405), flows into the absor-
bent passages (41a) of the supply-side module (40a). This
liquid absorbent, which has flowed into the absorbent pas-
sages (41a), is cooled by the refrigerant flowing through the
heat transfer member (46a). On the other hand, the supply air
(i.e., the outdoor air to be supplied indoors) flows through the
air passages (42) of the supply-side module (40a). In the
supply-side module (40a), the water vapor contained in the
supply air permeates the moisture permeable membranes (62)
to be absorbed by the liquid absorbent flowing through the
absorbent passages (41a). The supply air dehumidified while
passing through the air passages (42) of the supply-side mod-
ule (40a) is then supplied indoors. As such, in the supply-side
module (40a), part of the water vapor contained in the supply
air of the air passages (42) permeates the moisture permeable
membranes (62) to be absorbed by the liquid absorbent. Thus,
in the supply-side module (40a), the concentration of the
liquid absorbent gradually decreases, while the liquid absor-
bent passes through the absorbent passages (41a). The low
concentration liquid absorbent, which has flowed out of the
supply-side module (40a), is sucked by the pump (31), and
sent out to the discharge-side module (405).

Humidifying Operation

The humidifying operation of the humidity control appa-
ratus (10) will be described with reference to FIG. 2.

In humidifying operation, the four-way valve (37) of the
refrigerant circuit (35) is set to the second position (i.e., the
position indicated by the broken line in FIG. 2). In the humidi-
fying operation, the compressor (36) operates, and the open-
ing degree of the expansion valve (38) is controlled as appro-
priate. In the refrigerant circuit (35) during the humiditying
operation, the refrigerant circulates to perform vapor com-
pression refrigeration cycles. In the refrigerant circuit (35)
during the humidifying operation, the heat transfer member
(46a) of the supply-side module (404a) serves as a condenser,
and the heat transfer member (465) of the discharge-side
module (405) serves as an evaporator.

The flow of the refrigerant in the refrigerant circuit (35)
will be described in detail. High-temperature high-pressure
gas refrigerant, which has been discharged from the compres-
sor (36), passes through the four-way valve (37) to be sup-
plied as the heat medium for heating from the supply-side
module (40a). The refrigerant, which has flowed into the heat
transfer member (46a) of the supply-side module (40a),
releases heat to the liquid absorbent passing through the
absorbent passages (41a) to condense and then flow out of the
supply-side module (40a). The pressure of the refrigerant,
which flowed out of the supply-side module (40a), is reduced
when refrigerant passes through the expansion valve (38), and
then the refrigerant becomes low-pressure gas-liquid two-
phase refrigerant to be supplied as a heat medium for cooling
to the discharge-side module (4056). The refrigerant, which
has flowed into the heat transfer member (465) of the dis-
charge-side module (405), absorbs heat from the liquid absor-
bent passing through the absorbent passages (416) to be
evaporated and then flow out of the discharge-side module
(405). The refrigerant, which has flowed out of the discharge-
side module (405), passes through the four-way valve (37) to
be sucked by the compressor (36). The compressor (36) com-
presses and then discharges the sucked refrigerant.
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In the humidifying operation, the pump (31) of the absor-
bent circuit (30) operates to allow the liquid absorbent to
circulate in the absorbent circuit (30).

The liquid absorbent discharged from the pump (31) flows
into the absorbent passages (415) of the discharge-side mod-
ule (405). This liquid absorbent, which has flowed into the
absorbent passages (415), is cooled by the refrigerant flowing
through the heat transfer member (465). On the other hand,
the discharge air (i.e., the indoor air to be discharged out-
doors) flows through the air passages (42) of the discharge-
side module (405). In the discharge-side module (405), the
water vapor contained in the discharge air permeates the
moisture permeable membranes (62) to be absorbed by the
liquid absorbent passing through the absorbent passages
(41b). The discharge air deprived of the water vapor is then
discharged outdoors. As such, in the discharge-side module
(405), the part of the water vapor contained in the discharge
air in the air passages (42) permeates the moisture permeable
membranes (62) to be absorbed by the liquid absorbent. Thus,
in the discharge-side module (405), the concentration of the
liquid absorbent gradually decreases, while the liquid absor-
bent passes through the absorbent passages (415).

The low concentration liquid absorbent, which has flowed
out of the discharge-side module (405), flows into the absor-
bent passages (41a) of the supply-side module (40a). This
liquid absorbent, which has flowed into the absorbent pas-
sages (41a), is heated by the refrigerant flowing through the
heat transfer member (46a). On the other hand, the supply air
(i.e., the outdoor air to be supplied indoors) flows through the
air passages (42) of the supply-side module (40q). In the
supply-side module (40a), part of the water contained in the
liquid absorbent becomes water vapor to permeate the mois-
ture permeable membranes (62), and is then applied to the
supply air flowing through the air passages (42). The supply
air humidified while passing through the air passages (42) of
the supply-side module (40a) is then supplied indoors. As
such, in the supply-side module (40a), part of the water con-
tained in the liquid absorbent in the absorbent passages (41a)
permeates the moisture permeable membranes (62) to be
applied to the supply air. Thus, in the supply-side module
(40a), the concentration of the liquid absorbent gradually
increases while the liquid absorbent passes through the absor-
bent passages (41a). The high concentration liquid absorbent,
which flowed out of the supply-side module (40a), is sucked
by the pump (31) and sent out to the discharge-side module
(405).

Operation of Humidity Control Module

The operation of the humidity control module (40), which
is each of the supply-side module (40a) and the discharge-
side module (405), will be described. The humidity control
module (40) selectively performs moisture absorbing opera-
tion allowing liquid absorbent to absorb water vapor, and
moisture releasing operation releasing water vapor from lig-
uid absorbent. In the above-described dehumidifying opera-
tion, the supply-side module (40a) performs the moisture
absorbing operation, and the discharge-side module (406)
performs the moisture releasing operation. In the above-de-
scribed humidifying operation, the discharge-side module
(405) performs the moisture absorbing operation, and the
supply-side module (40a) performs the moisture releasing
operation.

Moisture Absorbing Operation

The moisture absorbing operation of the humidity control
module (40) will be described with reference to FIG. 4.

During the moisture absorbing operation, relatively high
concentration liquid absorbent is supplied to the absorbent
passages (41) of the humidity control module (40). Part of the
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moisture contained in the air in the air passage (42) permeates
the moisture permeable membranes (62) to be absorbed by
the liquid absorbent.

In the process where the liquid absorbent absorbs the mois-
ture, absorption heat is generated. If no measure is taken, the
generated absorption heat gradually increases the tempera-
ture of the liquid absorbent to gradually reduce the amount of
the moisture absorbed by the liquid absorbent. When the
temperature of the air flowing through the air passages (42) is
higher than the temperature of the liquid absorbent, the tem-
perature of the liquid absorbent is increased by the heat
exchange with the air. On the other hand, in the humidity
control module (40) during the moisture absorbing operation,
the heat transfer members (46) function as evaporators such
that the refrigerant in the heat medium passages (43) cools the
liquid absorbent in the absorbent passages (41), thereby
reducing a temperature increase of the liquid absorbent.

In particular, in the humidity control module (40) accord-
ing to this embodiment, the heat transfer tubes (70) of the heat
transfer members (46) are surrounded by the liquid absorbent.
Thus, the refrigerant flowing through the heat transfer tubes
(70) substantially absorbs heat from the liquid absorbent only.
Accordingly, in the humidity control module (40) according
to this embodiment, the refrigerant flowing through the heat
transfer tubes (70) efficiently cools the liquid absorbent.
Moisture Releasing Operation

The moisture releasing operation of the humidity control
module (40) will be described with reference to FIG. 4.

During the moisture releasing operation, relatively low
concentration liquid absorbent is supplied to the absorbent
passages (41) of the humidity control module (40). Part of the
water contained in the liquid absorbent becomes water vapor
to permeate the moisture permeable membranes (62), and is
applied to the air in the air passages (42).

In the process of discharging water from the liquid absor-
bent, the water being liquid deprives heat from surroundings
when being gasified. If no measure is taken, the temperature
of'the liquid absorbent gradually decreases, and the amount of
the moisture released from the liquid absorbent gradually
decreases. When the temperature of the air flowing through
the air passages (42) is lower than the temperature of the
liquid absorbent, the temperature of the liquid absorbent is
lowered by the heat exchange with the air. On the other hand,
in the humidity control module (40) during the moisture
releasing operation, the heat transfer members (46) function
as condensers such that the refrigerant in the heat medium
passages (43) heats the liquid absorbent in the absorbent
passages (41), thereby reducing a decrease in the temperature
of the liquid absorbent.

In particular, in the humidity control module (40) accord-
ing to this embodiment, the heat transfer tubes (70) of the heat
transfer members (46) are surrounded by the liquid absorbent.
Thus, the heat released from the refrigerant flowing through
the heat transfer tubes (70) is substantially applied to the
liquid absorbent only. As a result, in the humidity control
module (40) according to this embodiment, the refrigerant
flowing through the heat transfer tubes (70) efficiently heats
the liquid absorbent.

Advantages of First Embodiment

In the humidity control module (40) according to this
embodiment, the heat transfer members (46) are disposed in
the absorbent passages (41). These heat transfer members
(46) form the heat medium passages (43). The heat transfer
members (46) are disposed in the absorbent passages (41) and
surrounded by the liquid absorbent. Almost all the heat
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released from the high pressure refrigerant flowing through
the heat medium passages (43) is applied to the liquid absor-
bent in the absorbent passages (41). Almost all the heat
absorbed by the low pressure refrigerant flowing through the
heat medium passages (43) is the heat absorbed from the
liquid absorbent in the absorbent passages (41).

This embodiment reduces a temperature change in the
liquid absorbent when the liquid absorbent exchanges the
moisture with the air and, resulting in miniaturization in the
humidity control module (40). In this embodiment, the heat of
the high pressure refrigerant is utilized without waste to heat
the liquid absorbent, and the cold of the low pressure refrig-
erant is utilized without waste to cool the liquid absorbent.
This reduces energy needed to allow the liquid absorbent to
absorb and release moisture in the humidity control module
(40).

In the humidity control module (40) according to this
embodiment, the heat transfer tubes (70) of the heat transfer
members (46) are disposed between each pair of the moisture
permeable membranes (62) which are adjacent to one another
with the absorbent passage (41) interposed therebetween.
Thus, in this embodiment, the heat transfer tubes (70) are
disposed near the moisture permeable membranes (62),
where the liquid absorbent exchanges the moisture with the
air. The liquid absorbent exchanging the moisture with the air
reliably exchanges heat with the refrigerant flowing through
the heat transfer tubes (70).

Variation of First Embodiment

In the humidity control apparatus (10) according to this
embodiment, a humidity control module (40) shown in FIG.
8 may be used as the supply-side module (40a) and the dis-
charge-side module (405).

As shown in FIG. 8, in the humidity control module (40)
according to this variation, the number of the heat transfer
members (46) provided in the humidity control module (40)
and the configurations of the heat transfer members (46) are
different from those in the humidity control module (40)
shown in FIGS. 3-6. The differences between the humidity
control module (40) according to this variation and the
humidity control module (40) shown in FIGS. 3-6 will be
described below.

Similar to the heat transfer members (46) shown in FIGS.
3-6, each of the heat transfer members (46) according to this
variation includes a plurality of aligned heat transfer tubes
(70), first headers (71) attached to the upper ends of the heat
transfer tubes (70), and second headers (72) attached to the
lower ends of the heat transfer tubes (70). Note that, in each
heat transfer member (46) according to this variation, the
distance between each pair of the aligned heat transfer tubes
(70) (i.e., a pitch L, of the heat transfer tubes (70)) is twice as
large as the distance between each pair of the absorbent
passages (41) aligned along the alignment of the moisture
permeable membranes (62) (i.e., a pitch L, of the absorbent
passage (41), where L, =2L,).

Inthe humidity control module (40) according to this varia-
tion, four heat transfer members (46) are provided. The four
heat transfer members (46) face one another. Specifically, the
four heat transfer members (46) are aligned from one side
plate (53) to the other side plate (54) such that the first headers
(71) of the heat transfer members (46) are substantially par-
allel to one another and the second headers (72) of the heat
transfer members (46) are substantially parallel to one
another.

Inthe humidity control module (40) according to this varia-
tion, the position of one of the heat transfer members (46) is
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shifted from the adjacent one of the heat transfer members
(46) by the pitch L, of the absorbent passages (41) along the
alignment of the moisture permeable membranes (62). That
is, in FIG. 8, the positions of the heat transfer members (46)
odd-numbered from the left are shifted from the heat transfer
members (46) even-numbered from the left by the pitch L, of
the absorbent passages (41) along the alignment of the mois-
ture permeable membranes (62). Thus, in FIG. 8, the heat
transfer tubes (70) of the heat transfer members (46) odd-
numbered from the left are located in the absorbent passages
(41) odd-numbered from the bottom. The heat transtfer tubes
(70) of the heat transfer members (46) even-numbered from
the left are located in the absorbent passages (41) even-num-
bered from the bottom.

In order to miniaturize the humidity control module (40),
the pitch L, of the absorbent passages (41) is preferably as
short as possible. On the other hand, in assembling the heat
transfer members (46), the heat transfer tubes (70) need to be
attached to the headers (71, 72) by brazing etc., there is thus
a limit to reduce the pitch L, of the heat transfer tubes (70). In
the humidity control module (40) shown in FIGS. 3-6, the
pitch of the absorbent passages (41) needs to be equal to the
pitch of the heat transfer tubes (70). The humidity control
module (40) may be difficult to sufficiently miniaturize.

On the other hand, in the humidity control module (40)
according to this variation shown in FIG. 8, the pitch L, of the
absorbent passages (41) is halfthe pitch L, ofthe heat transfer
tubes (70). Thus, in this variation, the pitch L, of the absor-
bent passages (41) can be about several mm, while securing
the pitch of the heat transfer tubes (70) L, enough to assemble
the heat transfer members (46), thereby miniaturizing the
humidity control module (40).

Second Embodiment of Invention

A second embodiment of the present invention will be
described. A humidity control module (40) according to this
embodiment has different configurations from the humidity
control module (40) according to the first embodiment. The
humidity control module (40) according to this embodiment
will be described below with reference to FIGS. 9-11 as
appropriate.

As shown in FIGS. 9 and 10, the humidity control module
(40) according to this embodiment is like a thick plate wind-
ing up and down. This humidity control module (40) includes
a partition member (45) and a heat transfer member (46).

The heat transfer member (46 ) includes a plurality of (three
in this embodiment) heat transfer tubes (70), and two headers
(73, 74). The heat transfer tubes (70) are copper or aluminum
circular pipes. The heat transfer tubes (70) of the heat transfer
member (46) form heat medium passages (43) through which
refrigerant being a heat medium flows. The heat transfer tubes
(70) are circular pipes and wind up and down (see FIG.
10(A)). The plurality of heat transfer tubes (70) are arranged
in parallel (FIG. 10(B)). One ends of the heat transfer tubes
(70) are connected to the first header (73), and the other ends
are connected to the second header (74). These headers (73,
74) are connected to a refrigerant circuit (35).

The partition member (45) winds along the heat transfer
tubes (70) and surrounds all of the heat transfer tubes (70)
provided in the heat transfer member (46). The upper and
lower surfaces of the partition member (45) are formed by
moisture permeable membranes (62). The sides of the parti-
tion member (45) are sealed by first sealing members (75),
and the ends of the partition member (45) are sealed by
second sealing members (76). The sealing members (75, 76)
are attached to the upper moisture permeable membrane (62)
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and the lower moisture permeable membrane (62). The heat
transfer tubes (70) of the heat transfer member (46) penetrate
the sealing members (76) disposed at the ends of the partition
member (45). The ends of the heat transfer tubes (70) are
exposed to the outside of the partition member (45).

The partition member (45) includes an inlet (77) for allow-
ing liquid absorbent to flow into an absorbent passage (41)
and an outlet (78) for allowing the liquid absorbent to flow out
of the absorbent passage (41). In the partition member (45),
the inlet (77) is located close to the one end thereof, and the
outlet (78) is located close to the other end thereof. The inlet
(77) and the outlet (78) are connected to an absorbent circuit
30).

In the humidity control module (40) according to this
embodiment, the inner space of the partition member (45) is
the absorbent passage (41), and the outer space of the parti-
tion member (45) serves as an air passage (42). As described
above, the partition member (45) surrounds the heat transfer
tubes (70). Thus, the heat transfer tubes (70) are disposed in
the absorbent passage (41) formed inside the partition mem-
ber (45), and surrounded by the liquid absorbent flowing
through the absorbent passage (41). Thus, similar to the
humidity control module (40) according to the first embodi-
ment, the refrigerant flowing through the heat transfer tubes
(70) substantially exchanges heat with the liquid absorbent
only, and does not directly exchange heat with the air in the air
passage (42).

In the humidity control module (40) according to this
embodiment, the liquid absorbent, which has flowed from the
inlet (77) to the absorbent passage (41), flows from one end to
the other end of the partition member (45). Meanwhile, the
liquid absorbent exchanges the water vapor with the air in the
air passage (42) via the moisture permeable membranes (62),
and then flows out from the outlet (78). The refrigerant flow-
ing through the heat transfer tubes (70) exchanges heat with
the liquid absorbent surrounding the heat transfer tubes (70)
to heat or cool the liquid absorbent.

Fabrication of the humidity control module (40) according
to this embodiment will be described with reference to FIG.
11. First, two long thin rectangular moisture permeable mem-
branes (62) are prepared. Next, three straight heat transfer
tubes (70) are disposed in parallel on one of the moisture
permeable membranes (62). The first sealing members (75)
are disposed along the long sides of the moisture permeable
membrane (62). Next, the other moisture permeable mem-
brane (62) is disposed thereabove. The upper and lower mois-
ture permeable membranes (62) are attached to the sealing
members (75). Then, the heat transfer tubes (70) are subjected
to plastic deformation into the form winding up and down.
After the heat transfer tubes (70) are deformed, the moisture
permeable membranes (62) and sealing members (75)
become in the form winding up and down along the heat
transfer tubes (70). Next, the second sealing members (76) are
attached to the both ends of the moisture permeable mem-
branes (62), and then the headers (73, 74) are attached to the
both ends of the heat transfer tubes (70).

Variation of Second Embodiment

In the humidity control module (40) according to this
embodiment, only one first sealing member (75) may be
provided in the partition member (45). Specifically, as shown
in FIG. 12, the width of a moisture permeable membrane (62)
is twice as great as that shown in FIG. 11A. By folding the
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moisture permeable membrane (62) to cover the heat transfer
tubes (70), only one first sealing member (75) is used.

Third Embodiment of Invention

A third embodiment according to the present invention will
be described. A humidity control module (40) according to
this embodiment has different configurations from the
humidity control module (40) according to the first embodi-
ment. The humidity control module (40) according to this
embodiment will be described below with reference to FIGS.
13-15 as appropriate.

In the humidity control module (40) according to this
embodiment, each partition member (45) is formed by a
moisture permeable membrane (62) formed like a straight
circular pipe. Each heat transfer member (46) is formed by a
heat transfer tube (70) which is a copper or aluminum straight
circular pipe. In the humidity control module (40), each heat
transfer member (46) formed by the heat transfer tube (70) is
inserted into one of the partition members (45), which are the
circular pipe moisture permeable membranes (62). One of the
heat transter members (46) and the corresponding one of the
partition members (45) form a double pipe (80) (see FIGS. 14
and 15). In this double pipe (80), the outer space of the
moisture permeable membrane (62), which is the partition
member (45), serves as an air passage (42). The space
between the moisture permeable membrane (62) and the heat
transfer tube (70), which is the heat transfer member (46),
serves as an absorbent passage (41). The inner space of the
heat transfer tube (70) serves as a heat medium passage (43).
That is, in the humidity control module (40) according to this
embodiment, the heat transfer tube (70), which is the heat
transfer member (46), is surrounded by liquid absorbent in the
absorbent passage (41).

The humidity control module (40) according to this
embodiment includes numbers of double pipes (80). These
double pipes (80) are arranged such that their axes extend
substantially horizontally in parallel to one another. In the
humidity control module (40), the numbers of double pipes
(80) are regularly arranged vertically and horizontally at pre-
determined intervals. The double pipes (80) in the humidity
control module (40) are in staggered arrangement.

As shown in FIGS. 13 and 15, the humidity control module
(40) includes a pair of box-like headers (81, 84). The first
box-like header (81) is disposed at one ends of the double
pipes (80). The second box-like header (84) is disposed at the
other ends of the double pipes (80). The box-like headers (81,
84) are formed like flat rectangular parallelepiped. The inside
of'each box-like header (81, 84) is divided into two spaces in
the thickness direction of the box-like headers (81, 84). Ones
of'the space are absorbent-side spaces (82, 85), and the other
spaces are heat medium-side spaces (83, 86). The box-like
headers (81, 84) are disposed such that the heat medium-side
spaces (83, 86) face the double pipes (80), and attached to the
double pipes (80). The absorbent-side spaces (82, 85) of the
box-like headers (81, 84) communicate only with the absor-
bent passages (41), each of which is formed between one of
the moisture permeable membranes (62) and the correspond-
ing one of the heat transfer tubes (70). The heat medium-side
spaces (83, 86) of the box-like headers (81, 84) communicate
only with the heat medium passages (43) inside the heat
transfer tubes (70).

In the humidity control module (40) according to this
embodiment, the moisture permeable membranes (62), which
are the partition members (45), surround the heat transfer
tubes (70), which are the heat transfer members (46). Thus,
the heat transfer tubes (70) are disposed in the absorbent
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passages (41) formed inside the moisture permeable mem-
branes (62), and surrounded by the liquid absorbent flowing
through the respective absorbent passage (41). Similar to the
humidity control module (40) according to the first embodi-
ment, the refrigerant flowing through the heat transfer tubes
(70) substantially exchanges heat with the liquid absorbent
only, and does not directly exchange heat with the air in the air
passages (42).

In the humidity control module (40) according to this
embodiment, the absorbent-side spaces (82, 85) of the box-
like headers (81, 84) are connected to the absorbent circuit
(30), and the heat medium-side spaces (83,86) of the box-like
headers (81, 84) are connected to a refrigerant circuit (35).
The liquid absorbent, which has flowed into the absorbent-
side space (82) of the first box-like header (81), separately
flows into the absorbent passages (41) of the double pipes
(80). The liquid absorbent, which has flowed into the double
pipes (80), flows from one ends to the other ends ofthe double
pipes (80). Meanwhile, the liquid absorbent exchanges the
moisture with the air in the air passages (42) via the moisture
permeable membranes (62), and then flows into the absor-
bent-side space (85) of the second box-like header (84). The
refrigerant, which has flowed into the heat medium-side
space (83) of the first box-like header (81), separately flows
into the heat transfer tubes (70) of the double pipes (80). The
refrigerant, which has flowed into the heat medium passages
(43) in the heat transfer tubes (70), flows from one ends to the
other ends of the heat transfer tubes (70). Meanwhile, the
refrigerant exchanges heat with the liquid absorbent sur-
rounding the heat transfer tubes (70) to heat or cool the liquid
absorbent. After that, the refrigerant flows from the heat trans-
fer tubes (70) into the heat medium-side space (86) of the
second box-like header (84).

First Variation of Third Embodiment

In the humidity control module (40) according to this
embodiment, each double pipe (80) may be provided with
support ribs (96) for keeping the distance between the mois-
ture permeable membrane (62) and the heat transfer tube (70).
For example, if the moisture permeable membranes (62) are
thin, which are the partition members (45), the moisture per-
meable membranes (62) may warp and be unable to keeping
the distances between the moisture permeable membranes
(62) and the heat transfer tubes (70). In this case, as in this
variation, the double pipes (80) are preferably provided with
the supportribs (96) such that the support ribs (96) support the
moisture permeable membranes (62).

As shownin FIG. 16, each heat transfer tube (70) according
to this variation forming the double pipe (80) includes a single
pipe body (95) and the plurality of support ribs (96). The pipe
body (95) and the support ribs (96) are integrally formed. Like
the heat transter tubes (70) shown in FIGS. 14 and 15, the heat
transfer tubes (70) are made of copper or aluminum.

The pipe body (95) is a straight circular pipe. The support
ribs (96) are formed like flat plates extending along the axis of
the pipe body (95). In each heat transfer tube (70), the plural-
ity of support ribs (96) radially project from the outer periph-
eral surface of the pipe body (95). The inner surface of the
moisture permeable membrane (62), which is the partition
member (45), is in contact with the tips of the support ribs
(96). In each double pipe (80) according to this variation, the
inner space of the pipe body (95) of the heat transfer tube (70)
serves as a heat medium passage (43), and the space between
the pipe body (95) of the heat transfer tube (70) and the
moisture permeable membrane (62) serves as an absorbent
passage (41).
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Steps of manufacturing each double pipe (80) according to
this variation will be described with reference to FIG. 17.
First, as shown in FIG. 17(a), the heat transfer tube (70), on
which the plurality of support ribs (96) are radially formed,
and the moisture permeable membrane (62) like a square
sheet are prepared. Next, as shown in FIG. 17(), a resin
bonding member (97) fills the space between each adjacent
pair of the support ribs (96). The bonding member (97) is
made of resin capable of welding the moisture permeable
membrane (62), for example, pertfluoro ethylene/propylene
copolymer (PFEP) or tetrafluoro ethylene/hexafiuoro propy-
lene copolymer resin. One side of the moisture permeable
membrane (62) is welded to the bonding member (97), and
the moisture permeable membrane (62) is wound around the
heat transfer tube (70). Finally, the other side of the moisture
permeable membrane (62) is welded to the bonding member
(97), thereby completing the double pipe (80) shown in FIG.
17(c).

Second Variation of Third Embodiment

In each double pipe (80) according to the first variation, the
support ribs (96) may be formed independently from the heat
transfer tube (70). In this case, the heat transfer tube (70)
includes the pipe body (95) only. In this case, the support ribs
(96) are made of resin (e.g., PFEP) capable of welding the
moisture permeable membrane (62). The supportribs (96) are
formed like long thin flat plates similar to those shown in FIG.
16.

Steps of manufacturing each double pipe (80) according to
this variation will be described with reference to FIG. 18.
First, as shown in FIG. 18(a), the heat transfer tube (70) and
the moisture permeable membrane (62) like a the square sheet
are prepared. The plurality of support ribs (96) are arranged
on the moisture permeable membrane (62) at regular inter-
vals, and are welded to the moisture permeable membrane
(62). At this time, the support ribs (96) are, in an upright
position, arranged in parallel to the side of the moisture per-
meable membrane (62). Next, as shown in FIG. 18(5), the
moisture permeable membrane (62) with the support ribs (96)
is wound around the heat transfer tube (70). At this time, at
least part of the tip surfaces of the support ribs (96) is adhered
to the outer peripheral surface of the heat transfer tube (70)
with an adhesive agent. The wind end side and the wind start
side of the moisture permeable membrane (62) are over-
lapped and welded together, thereby completing the double
pipe (80) shown in FIG. 18(¢).

Third Variation of Third Embodiment

In each double pipe (80) according to the first variation, the
heat transfer tube (70) may be made of resin (e.g., PFEP)
capable of welding the moisture permeable membrane (62).
That is, in each heat transfer tube (70) according to this
variation, a pipe body (95) and support ribs (96) are made of
resin capable of welding a moisture permeable membrane
(62).

As shown in FIG. 19, the bonding member (97) according
to the first variation is not formed in the double pipe (80)
according to this variation. In this double pipe (80), the mois-
ture permeable membrane (62) is welded to the tips of the
support ribs (96).

Fourth Variation of Third Embodiment

In the double pipes (80) according to the first to third
variations, the forms of the support ribs (96) are not limited to
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the flat plates. For example, as shown in FIG. 20, the support
ribs (96) may be spiral plates. Support ribs (96) according to
this variation are formed independently from a pipe body (95)
of a heat transfer tube (70). Then, the support ribs (96) are
attached to the pipe body (95) to project from the outer
peripheral surface of the pipe body (95). In each double pipe
(80) according to this variation, an absorbent passage (41)
formed between the pipe body (95) and a moisture permeable
membrane (62) is a spiral passage divided by the support ribs
(96).

Fifth Variation of Third Embodiment

In the double pipes (80) according to the first to four varia-
tions, a net-like sheet may be provided along the inner surface
of each moisture permeable membrane (62) formed like a
circular pipe. The net-like sheet is made of a relatively high
rigidity material such as metal. In each double pipe (80)
according to this variation, the portion of the moisture per-
meable membrane (62) not coming into contact with support
ribs (96) is supported by the net-like sheet. The liquid absor-
bent flowing through the absorbent passage (41) passes
through the net-like sheet to come into contact with the mois-
ture permeable membrane (62).

Fourth Embodiment of Invention

A fourth embodiment of the present invention will be
described. A humidity control module (40) according to this
embodiment has different configurations from the humidity
control module (40) according to the first embodiment. The
humidity control module (40) according to this embodiment
will be described with reference to FIG. 21.

As shown in FIG. 21(A), the humidity control module (40)
according to this embodiment includes a plurality of film
units (90), a pair of absorbent-side headers (91), and a pair of
refrigerant-side headers (92). Each film unit (90) is formed
like a flat rectangle. The plurality of film units (90) are
arranged horizontally at regular intervals with their side sur-
faces facing one another. In the humidity control module (40)
according to this embodiment, the space between each adja-
cent pair of the film units (90) serves as an air passage (42).

As shown in FIG. 21(B), each film unit (90) includes a
partition member (45) and a heat transfer member (46). The
partition member (45) is formed like a flat rectangular paral-
lelepiped. The right and left sides of this partition member
(45) are formed by moisture permeable membranes (62). The
partition member (45) contains a heat transfer tube (70) form-
ing the heat transfer member (46). The heat transfer tube (70)
is a flat tube, which forms a heat medium passage (43). In the
film unit (90), the inner space of the partition member (45)
serves as an absorbent passage (41). The heat transfer tube
(70) is disposed in this absorbent passage (41).

In the humidity control module (40) according to this
embodiment, a single absorbent-side header (91) and a single
refrigerant-side header (92) are disposed at each of the upper
and lower ends. The absorbent-side headers (91) are attached
to the partition members (45) of the film units (90), and have
internal spaces communicating with the absorbent passages
(41) of the film units (90). The refrigerant-side headers (92)
are attached to the heat transfer tubes (70) of the film units
(90), and have internal spaces communicating with the heat
medium passages (43) of the film units (90).

In the humidity control module (40) according to this
embodiment, the inner spaces of the partition members (45)
serve as absorbent passages (41), and the outer spaces of the
partition members (45) serve as air passages (42). As
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described above, the partition members (45) surround the
heat transfer tubes (70). Thus, the heat transfer tubes (70) are
disposed in the absorbent passages (41) formed inside the
partition members (45), and surrounded by the liquid absor-
bent flowing through the absorbent passages (41). Thus, simi-
lar to the humidity control module (40) according to the first
embodiment, the refrigerant flowing through the heat transfer
tubes (70) substantially exchanges heat with the liquid absor-
bent only, and does not directly exchange heat with the air in
the air passages (42).

Variation of Fourth Embodiment

As shown in FIG. 22, in the humidity control module (40)
according to this embodiment, the heat transfer tubes (70)
provided in the film units (90) may be circular pipes winding
up and down. In this case as well, in the film units (90), the
heat transfer tubes (70) are surrounded by the liquid absor-
bent flowing through the absorbent passages (41). Thus, the
refrigerant flowing through the heat transfer tubes (70) sub-
stantially exchanges heat with the liquid absorbent only, and
does not exchange heat with the air in the air passages (42).

Another Embodiment

As shown in FIG. 23, in each of the humidity control
apparatuses (10) according to the above-described embodi-
ments, the supply-side module (40a) and the discharge-side
module (405) may be disposed in different units.

Specifically, a humidity control apparatus (10) according
to this variation includes an outdoor unit (15) and an indoor
unit (17). The outdoor unit (15) contains a pump (31) of an
absorbent circuit (30); a compressor (36), a four-way valve
(37), and an expansion valve (38) of a refrigerant circuit (35);
and a discharge-side module (405). The outdoor unit (15)
includes an outdoor fan (16) supplying outdoor air to a dis-
charge-side module (404). On the other hand, an indoor unit
(17) contains a supply-side module (40a). The indoor unit
(17) also includes an indoor fan (18) supplying indoor air to
the supply-side module (40a).

During dehumidifying operation, the humidity control
apparatus (10) according to this variation sends back indoors,
the indoor air dehumidified in the supply-side module (40a),
and discharges outdoors, the outdoor air humidified in the
discharge-side module (405). On the other hand, during
humidifying operation, the humidity control apparatus (10)
according to this variation sends back indoors, the indoor air
humidified in the supply-side module (40a), and discharges
outdoors, the outdoor air dehumidified in the discharge-side
module (405).

As described above, the embodiments and variations have
been described as intrinsically preferred examples, and are
not intended to limit the scope of the present invention, appli-
cations, and uses.

INDUSTRIAL APPLICABILITY

As described above, the present invention is useful for
humidity control modules for controlling the humidity of air
using liquid absorbent, and humidity control apparatuses
including the humidity control modules.

DESCRIPTION OF REFERENCE CHARACTERS

10 Humidity Control Apparatus
16 Outdoor Fan
18 Indoor Fan
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27 Supply Fan (Fan)
28 Discharge Fan (Fan)
30 Absorbent Circuit
35 Refrigerant Circuit (Heat Medium Circuit)
40 Humidity Control Module
41 Absorbent Passage
42 Air Passage
43 Heat Medium Passage
45 Partition Member
46 Heat Transfer Member
62 Moisture permeable membrane
70 Heat Transfer Tube
71 First Header
72 Second Header

The invention claimed is:
1. A humidity control module for humidifying or dehu-
midifying air using liquid absorbent, the module comprising:

a partition member wholly or partially formed by a mois-
ture permeable membrane not allowing the liquid absor-
bent to permeate but allowing water vapor to permeate,
the partition member separating an air passage through
which the air flows, from an absorbent passage through
which the liquid absorbent flows; and

a heat transfer member forming a heat medium passage
through which a heat medium for heating or cooling
flows, and disposed in the absorbent passage to allow the
liquid absorbent flowing around the heat transfer mem-
ber to exchange heat with the heat medium, wherein

the heat transfer member includes heat transfer tubes, and
each of the heat transfer tubes is a flat tube having an
internal space divided into a plurality of channels.

2. The humidity control module of claim 1, wherein

in the partition member, the moisture permeable mem-
brane includes a plurality of plane-like moisture perme-
able membranes arranged at predetermined intervals to
face one another,

the air passage and the absorbent passage includes a plu-
rality of air passages, and a plurality of absorbent pas-
sages, respectively, and

the air passages and the absorbent passages are alternately
formed along alignment of the moisture permeable
membranes.

3. The humidity control module of claim 2, wherein

each of the heat transfer tubes is disposed between a pair of
the moisture permeable membranes, which are adjacent
with one of the absorbent passages interposed therebe-
tween.

4. The humidity control module of claim 3, wherein

the heat transfer member includes

the heat transfer tube including a plurality of heat transfer
tubes,

a first header connected to one end of each of the heat
transfer tubes, and

a second header connected to another end of each of the
heat transfer tubes.

5. The humidity control module of claim 4, wherein

the heat transfer member includes a plurality of heat trans-
fer members,

in each of the heat transfer members, the plurality of heat
transfer tubes are aligned in parallel to one another,

the plurality of heat transfer members face one another, and

in an adjacent pair of the heat transfer members, the heat
transfer tubes of one of the heat transfer members and
the heat transfer tubes of the other one of the heat trans-
fer members are disposed in different ones of the absor-
bent passages.
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6. A humidity control module for humidifying or dehu-
midifying air using liquid absorbent, the module comprising:

a partition member wholly or partially formed by a mois-
ture permeable membrane not allowing the liquid absor-
bent to permeate but allowing water vapor to permeate,
the partition member separating an air passage through
which the air flows, from an absorbent passage through
which the liquid absorbent flows; and

a heat transfer member forming a heat medium passage
through which a heat medium for heating or cooling
flows, and disposed in the absorbent passage to allow the
liquid absorbent flowing around the heat transfer mem-
ber to exchange heat with the heat medium, wherein

the heat transfer member includes a heat transfer tube
through which the heat medium flows,

the partition member surrounds the heat transfer tube, and

an inside of the partition member serves as the absorbent
passage, and an outside of the partition member serves
as the air passage.

7. The humidity control module of claim 6, wherein

the heat transfer tube is in a winding form, and
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the partition member is in a form winding along the heat
transfer tube.

8. The humidity control module of claim 6, wherein

the partition member is formed like a pipe extending along
the heat transfer tube.

9. A humidity control apparatus comprising:

the humidity control module of claim 1;

an absorbent circuit connected to the absorbent passage of
the humidity control module to supply the liquid absor-
bent to the absorbent passage;

a heat medium circuit connected to the heat medium pas-
sage of the humidity control module to supply the heat
medium for heating or cooling to the heat medium pas-
sage; and

fans for supplying the air to the air passage of the humidity
control module, wherein

the humidity control apparatus humidifies or dehumidifies
the air flowing through the air passage of the humidity
control module.



